TAnLE I

Mitogen-inducod TCGF Production by T-Lyrnphoma Cell Lines*
Ceil line tested
Surface antigen
Mitogen-induced TCGF activity by mitogen § markers* Spontaneous secretion of TCGF Con A PHA-P PWM LPS Thy-l.2 Lyt-1 Lyt-2 (5 ~g/ml) (1 ~al/ml) (10/~l/ml) (10 ~g/ml) To assay for enhancement by TCGF of mitogen-induced responses in thymocytes or spleen T cell subpopulations, 5 × 10 ° cells in RPMI-1640 supplemented with 0.5% mouse serum, 2ME, Hepes, and antibiotics, in 100 #1 were distributed in 96-well Microtest II plates (Linbro Chemical Co.); 100 pl of 0-25% purified TCGF-E was added, with or without 0. Assay for Cytotoxicity. Cytotoxic activity was assessed by a 51Cr-release assay system described in detail elsewhere (13).
Results
TCGF Production by Murine T-Lymphoma Cell
Lines. 12 cultured cell lines of Tlymphoma origin were investigated for spontaneous or induced production of TCGF under indentical conditions as shown in Table I . None of the 12 T-lymphoma lines produced TCGF spontaneously. Even 7-to 28-times-concentrated supernates and cell cytoplasm extracts of EL-4 azg x contained no detectable TCGF activity. In contrast to the 10 other T-cell lines, both EL-4 and EL-4 azg ~ secreted significant amounts of TCGF into culture supernates when stimulated by mitogens. Con A was most effective of all mitogens in inducing TCGF production by EL-4 and EL-4 azg r. Production of TCGF-E was rapidly induced, detectable at 6 h, and maximal at 18-24 h. The doseresponse, time-course, and cell-density kinetics are illustrated in Fig. 1 . Irradiation (5,000-7,000 rad) did not affect TCGF production by Con A-stimulated EL-4 azg ~. LPS, a putative B cell mitogen, consistently stimulated low but significant production of TCGF-E in the EL-4 lines. This unexpected observation is still being investigated in light of previous studies suggesting that LPS might have some role in stimulating thymus cells (14) .
Characterization of TCGF-E Obtained from Con A-stimulated EL-4 azg ~.
Supernates from both Con A-stimulated EL-4 azg r and Con A-stimulated murine spleen cells were concentrated 50-to 70-fold and fractionated on Sephadex G-100: Each fraction was assayed for Jail]Con A and for functional TCGF activity on a cloned cytotoxic T cell line or on Con A blast cells. As shown in Fig. 2 , TCGF-S and TCGF-E had identical peak activity in the fractions that contained the P30 marker, indicating a molecular size on the order of 30,000 dalton, a size range clearly separable from that of [3H]Con A. This partially purified product is termed PTCGF-E and was used in studies reported below.
Comparison of Various Biological Activities of TCGF-S and TCGF-E.
TCGF-E has been tested for each functional effect described for TCGF-S (1, 7-9). Nylon-wool-columnpassed C57BL/6 spleen T cells were very slightly stimulated or unaffected by PTCGF-E alone, but responded strongly to suboptimal concentrations of Con A (0.3 p.g/ml) when very dilute PTCGF-E was added. Thymocytes responded minimally to Con A or to PTCGF-E alone, but proliferated in the presence of both as shown in Table II . LPS blasts generated from either C57BL/6 or C57BL/6 nu/nu failed to proliferate with PTCGF-E. The growth supporting activity of PTCGF-E was generally equivalent upon DBA/2-, AKR-, or A/J-derived T cells, indicating no strain specificity. In experiments not shown here, the PTCGF-E requirement for generating cytotoxic 
. Fractionation of TCGF-E (A) or TCGF-S (B) by Sephadex G-100 chromatography. Concentrated TCGI'-E or TCGF-S was fractionated as described in Materials and Methods and each fraction was assayed for TCGF activitv on cell fine BAD-I (A or A) or Con A blasts (O or 0). lali]Thymidine incorporation was measu'red for the last 24 h of the 72 h incubation.
[:JHJCon A (~) was added to the TCGF before fractionation. The peaks shown represent 22~7, of the counts added to the column; 78'7< was bound to Sephadex G-I(X) at the application point. After 24 h of culture, 0.5/tCi of [:~H]thymidine was added; the cultures were harvested 24 h later. The results were expressed as mean cpm ± SD in triplicate cultures. ND, not determined. * 5 × l0 4 cells of each T cell blast were cultured with or without indicated concentrations of PTCGF-E. :~ 5 X 10 ~ cells of nyhm-wca)l-column-passed spleen cells or thymocytes were cultured with iudicated concentrations of Con A and/or PTCGF-E.
TABLE II PTCGF-E Effect on Various Kinds of T-Cell Blasts, B Cell Blasts, Normal Spleen T Cells, or Thymocytes
activity against P815 target cells in C57BL/6 anti-DBA/2 mixed lymphocyte cultures was assayed on cells collected after 10 d or after a sixth restimulation in a long-term culture. Alloreactive cells alone had little residual cytotoxic activity 15 d after restimulation. 30% PTC2GF-E augmented cytotoxic activity to a level even greater than that induced by specific stimulator cells. Discussion Evidence is presented that a variant of the EL-4 cell line (EL-4 azg r) and, to a lesser extent, the parental EL-4 line produced TCGF when stimulated by Con A. The producer lines carry the Lyt-1 marker, whereas all nonproducer T cell lines examined did not. Until more lines with Lyt-1 markers are examined, however, it can be concluded only that this phenotype identifies a Tc2GF-producer cell. However, it is consistent with the data of others that suggest that TC2GF production is a function of Lyt-l-bearing T cells (3) (4) (5) .
Kinetic studies showed most TCGF-E production occurred early (6 h) after stimulation by Con A. Production of TC2GF-E was radiation resistant. Biochemical properties and biological activity suggest strongly the indentity of TCGF-E and TC2GF-S, including: similar molecular weights, identical effects upon T cell mitogen responses, T cell blast proliferation, generation of cytotoxic T cells, absence of effects upon normal resting T cells, and lack of strain specificity.
Mitogen induction for TC2GF production by EL-4 azg r appeared to be an absolute requirement. EL-4 azg ~ produced no detectable TCGF-E intracellularly or extracellularly, unless stimulated with Con A. This suggests that TCGF production is a differentiated function of the cell line, requiring only a specific signal to initiate synthesis and secretion of the product or products assayed as TCGF. In this case, the triggering effect is supplied by a lectin that binds to the cell surface without any accessory cell requirement. This signal can also be supplied by binding of xenogeneic anti-Thy-1 sera to the membrane of EL-4 azg x (S. Shimizu and R. T. Smith. Unpublished data.). Detectable low level secretion of TCGF was stimulated by PHA-P and LPS.
An FcR + (6, 15) or an Ia ÷ (1, 2) accessory cell is required to induce TCGF production by anti-Thy-1 antibody or Con A, respectively. Therefore, the EL-4 azg ~ cell line appears to bypass the requirement for any signal provided by an accessory cell. If the accessory cell requirement is, as has been proposed (6), related to its role in augmenting translateral aggregation by mitogen-bound glycoproteins in the T cell membrane, then the T-lymphoma line EL-4 azg r has acquired a capacity to accomplish this unaided. That LPS can also stimulate minimal TCGF production in EL-4 azg x suggests that the bypassed accessory cell mechanism yields a less discriminating responsiveness than normal T cells in terms of T cell specificity of the mitogenic stimulus.
These observations suggest a practical source of TCGF for use in further investigation of mechanisms of T cell activation, and a more homogeneous source of TCGF for characterization of the molecule or molecules involved. Moreover, they provide a model cell in which to examine the signal mechanism by which membrane glycoprotein binding can activate TC2GF synthesis and secretion. Summary Of 12 T-lymphoma cell lines investigated, one line, EL-4 azg r (Thy-1 +, Lyt-1 +, Lyt-2-3-, Ia-, T-200 ÷, slg-, and FcR-) and, to a lesser extent, the parental cell line, EL-4, produced T cell growth factor(s) (TCGF) when stimulated by the T-cell mitogen concanavalin A (Con A). Induced production of TCGF-E was detected by 6 h and maximal at 18-24 h. Purified TC2GF-E from this source had an ~30,000 mol wt and the biological activity of TCGF produced by whole spleen cells, including: augmentation of T cell-mitogen responses, cytotoxic T lymphocyte (CTL) proliferation support dependence, augmented generation of CTL, lack of strain specificity, and failure to stimulate resting T cells. TCGF-E is neither synthesized or secreted by this lymphoma cell line unless stimulated by Con A. X-irradiation up to 7,000 rad failed to inhibit synthesis and secretion. These observations have a practical application in providing a relatively homogeneous clonal cell product for T cell culture support and for structural and functional studies of the TCGF molecule(s). They suggest also a model for examining mechanisms of triggering production and secretion of a regulatory molecule that controls T cell functions.
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